INTERPRETATION Results suggest relatively stable participation trajectories in the 6 months after PICU admission. Children with abnormal baseline function experienced a greater increase in home involvement after PICU. Rehabilitation interventions targeting functional capabilities and home environment may be viable approaches during the early phase of recovery. Environmental interventions may be more time-efficient after PICU stay and merit further study.
There has been a substantial decrease in mortality rates of children admitted into pediatric intensive care units (PICUs) in North America. 1 As a result, children are discharged with complex comorbidities and with limited knowledge about their functional recovery beyond the PICU. 2 Therefore, there is a need to improve knowledge about post-PICU trajectories of functional recovery to guide patient-centered care. There is a paucity of pediatric studies specifically evaluating functional health outcomes in pediatric survivors of critical illness, because measuring and quantifying function over time is challenging. 3 Most studies of critically ill children measure functioning using the Pediatric Overall Performance Category (POPC) and Pediatric Cerebral Performance Category scores, or Glasgow Outcome Scores (designed originally for adults). 4, 5 However, these scores are coarse measures applied by clinicians, intended to quantify cognitive and functional morbidity at time of discharge from the PICU. 6 Major advances in the development of patient-reported outcomes make it possible to obtain data from meaningful measures that examine the functional trajectories of children with and without complex chronic health conditions. In accordance with the International Classification of Functioning, Disability and Health -Child and Youth Version (ICF-CY), 7 patient-reported outcomes have been developed to capture functional recovery according to (1) capabilities and performance of discrete tasks; and (2) participation in broader types of activity that comprise important life situations. The Pediatric Evaluation of Disability Inventory is a patient-reported outcome which assesses functional capabilities and performance. Both minimally detectable change and minimally important difference estimates have been developed, 8 and multiple studies have demonstrated its reliability and validity. 9 Whereas the Pediatric Evaluation of Disability Inventory enables caregiver assessment of functional capabilities to perform discrete tasks in daily life, the Participation and Environment Measure (PEM) captures functional recovery according to caregivers' perspectives of their child's attendance and involvement in broader sets and sequences of activities (e.g. personal care management), their satisfaction with that level of participation, and their perceptions about environmental supports and barriers to participation in specific contexts. 10 The PEM assessment approach is informed by caregiver input 11, 12 and is congruent with contemporary thinking about the participation concept. 13 Chien et al. determined the Participation and Environment Measure for Children and Youth to be one of four children's participation measures (out of 16) with high ICF-CY content density (i.e. each item on the PEM is linked with a higher percentage of concepts from the ICF-CY). 14 This high content density indicates that PEM yields one of the most comprehensive participation profiles and will promote the consistent production of clear and comparable research findings among studies that are framed by the ICF-CY.
A prospective longitudinal cohort pilot study was undertaken to assess the feasibility of measuring functional recovery in critically ill children. 15 To our knowledge, this is the first time the Pediatric Evaluation of Disability Inventory and PEM measures have been used longitudinally within an acute care pediatric setting. Our pilot data suggest negative associations between recovery in functional task performance and illness severity at both 3 and 6 months after discharge from the PICU. When compared with previously healthy children, data suggest children with underlying baseline functional limitations participated less often in home-based activities at 3 and 6 months, particularly with non-discretionary activities such as school preparation, personal care management, and household chores. These results informed continued use of both patientreported outcomes in a scale-up multi-center study.
This study leveraged a subset of data from the scale-up study to understand potential predictors of change in participation among critically ill children during the early phase of recovery. Given the significant amount of time children and adolescents spend in their homes, particularly during recovery from critical illness, the primary objectives of this study were to explore change in home participation frequency and involvement of critically ill children over the first 6 months after discharge (aim 1) and to identify child, service, and environmental factors that predict participation frequency and involvement change in the home setting (aim 2). We hypothesized small but significant rates of increased participation. On the basis of previous studies, 16, 17 we also expected child functional abilities and environmental factors to significantly predict participation.
METHOD Setting
Participants were enrolled from a PICU at one of two study sites: McMaster Children's Hospital (Hamilton, ON, Canada; n=103) and the London Health Sciences Centre Victoria Campus (London, ON, Canada; n=77). Institutional ethics approval was obtained at each site.
Participants
A total of 180 caregivers of children who were aged 12 months to 17 years, with at least one organ dysfunction, and admitted for longer than 48 hours were consented and enrolled, and then followed after discharge from the PICU between August 2014 and January 2016 (see Appendix S1, online supporting information). Sample size calculations were based on a pilot study, published elsewhere. 15 On the basis of the regression recommendation of having 10 participants per predictor variable, 18 and anticipating a 20% loss to follow-up, 180 caregivers were enrolled. The final model included seven predictors, so there was adequate sample size to address study aims.
The median age was 7 years 1 month (quartiles Q 1 =2y 10mo, Q 3 =13y 4mo) and 95 (52.3%) were males. Participants were excluded if they were transferred directly from the NICU, previously enrolled in the pilot study, were mobilizing well, or unable to speak English. Baseline demographic and clinical characteristics of participants (total sample and by study site) are provided in Table I . Pediatric Risk of Mortality and Pediatric Logistic Organ Dysfunction scores assessed illness severity according to risk of mortality and number of organ failures. These scores were obtained at admission for descriptive purposes. No significant group differences in home participation frequency and involvement scores were detected according to study site.
Measures
Participants were caregivers who completed questionnaires at baseline (n=180; either at PICU admission or discharge, depending on the measure), and at 3 months (n=153) and 6 months (n=144) after discharge from the PICU through interview with a trained researcher. Interviews were conducted in person during follow-up appointment or by telephone.
Child demographics, functional status, and functional capabilities
At enrollment, caregivers provided information about their child (e.g. age) as well as their child's pre-PICU functional status and capabilities. To capture the child's functional status, participants were classified into one of two groups (abnormal or good overall performance) according to their POPC score. The POPC captures a child's functional status using a scale ranging from good overall performance (1) to brain dead/death (6). 6 For this study, we computed a dichotomous POPC score. POPC scores of 1 were classified as good overall performance, and scores of at least 2 were collapsed into one category to indicate abnormal functional status (see Appendix S1, online supporting information). This dichotomy allowed us to explore the impact of a PICU stay on children with pre-existing What this paper adds • Children's pre-pediatric intensive care unit (PICU) functional status and capabilities impact their participation after critical illness.
• Children's trajectories of home involvement may differ over time based on their pre-PICU functional status.
• Caregiver perceptions of environmental support impact a child's home involvement after discharge from a PICU.
functional limitations compared with those who were previously healthy.
Children's baseline (pre-PICU) functional capabilities to perform discrete tasks were captured by data from parent report using the Pediatric Evaluation of Disability Inventory Computer Adaptive Test (PEDI-CAT) at discharge from the PICU. This measure yields normative scores in four domains: daily activities, social/cognitive, mobility, and responsibility. 19 Excellent test-retest reliability has been documented (intraclass correlation coefficient=0.96-0.99). 20 Previous studies with a mixed sample of children with and without disabilities have established small to moderate associations between Young Children's Participation and Environment Measure home involvement scores and children's PEDI-CAT norm scores for daily activities, and a significant indirect effect of PEDI-CAT daily activities norm scores on home involvement. 17, 21 Hence, for this study, we computed a dichotomous PEDI-CAT score, using a 10th percentile cut-off point based on the scaled score for the daily activities domain. This cut-off provides an opportunity for examining the effect of poor functional capabilities to perform discrete self-care tasks on home participation across the first 6 months after discharge from the PICU.
Service use
On the basis of previous literature, 22, 23 length of PICU stay was accounted for, as was the specific PICU where data were collected (London Health Sciences Centre Victoria Campus or McMaster Children's Hospital). The average length of stay was 9.6 days (SD 9.2).
Home participation and environmental support
Change in home participation was captured through PEM data collected at baseline (discharge from the PICU) and at 3 and 6 months after discharge from the PICU. The PEM contains two age-specific questionnaires. The Young Children's Participation and Environment Measure was administered to caregivers of children younger than 5 years, and the Participation and Environment Measure for Children and Youth was administered to caregivers of children 5 to 17 years old. Data from the PEM home section were used to address study aims.
Caregivers first evaluated their child's participation in broad types of home activity in terms of frequency (8-point Likert scale, from never [0] to once or more each day [7] ); and involvement (5-point Likert scale, from not very involved [1] to very involved [5] ). After evaluating how often and how much their children participated in activities, caregivers evaluated the impact of home environmental features and resources on their child's participation, on a 3-point Likert scale (not an issue/no impact/not needed; usually helps/usually yes [3] ; to usually makes harder/usually no [1] ).
Participation and Environment Measure home participation Likert scales (frequency, involvement) and the PEM home environmental support Likert scale have acceptable internal consistency reliability (a=0.82-0.96) and test-retest reliability (intraclass correlation coefficient=0.69-0.91). 21, 24 PEM home involvement and environmental support Likert scales can also distinguish between young children with and without disabilities (d=0.74-1.85). Internal consistency within our study sample was also established at all time points for the Participation and Environment Measure for 25, 26 Therefore, mean home frequency and mean home involvement summary scores were computed by summing individual item responses and dividing by the total number of home frequency and home involvement items respectively. We inspected the distributions for the mean frequency and involvement scores; both were normally distributed and met the corresponding assumptions for normality. An environmental support summary score was calculated by summing responses across home environmental Likert items and dividing the sum by the maximum possible environmental score for home, multiplied by 100 (range 0-100; see Appendix S1, online supporting information).
Analysis
Bivariate analyses were performed with PEM home frequency and involvement summary scores and select child, service, and environmental factors. We used hierarchical linear modeling to assess participation change across three time points: baseline (measured as parent report of the child's home participation before PICU admission), 3 months after discharge from the PICU, and 6 months after discharge from the PICU. Hierarchical linear modeling is a strong choice for repeated measures over time and allows the computation of slopes and/or intercepts for each individual participant (i.e. the individual's participation trajectory), as well as groups at other levels; thus, it allows examinations of between-group and within-person changes. 27 Hierarchical linear modeling uses maximum likelihood to estimate models with data missing at random at one or more time points, allowing use of all available data.
Two-level models were analyzed for each home participation summary score (home frequency, home involvement), to account for repeated observations (level 1) nested within individual participants (level 2). Model testing began with unconditional (null models) that allowed us to generate the intraclass correlation coefficient for home frequency and home involvement. In the unconditional model for frequency, 76.6% of the variance in frequency was betweenperson, and 23.4% of the variance was within-person. In the unconditional model for home involvement, 65.4% of the variance for involvement was between-person, and 34.6% of the variance was within-person. This demonstrated that both levels played a significant role in explaining participation frequency and that this two-level data structure was appropriate for investigating this outcome. To assess model fit, we calculated the proportion of reduction in error of the model for each level as outlined by Snijders and Bosker. 27 All analyses were two-tailed with p<0.05 and performed using SPSS 24.0 (IBM Corporation, Armonk, NY, USA). Across all models, child age and length of PICU stay were included as covariates. To enhance the interpretation of the intercepts, we centered both variables on the sample median by subtracting each individual's score from the median. Time was coded as 0, 1, and 2 (baseline, 3mo, and 6mo after discharge respectively). The intercepts in each model represented the average participation (frequency or involvement) score at baseline for a child at the median age (7y 1mo), with a median PICU stay (7d).
RESULTS

Rates of change in home participation (aim 1)
In both models that evaluated time as a predictor of participation change, time was not a significant predictor of participation frequency (see Table II , model 1 for frequency and involvement). On average, the children sampled had a frequency ranging from a few times a month to once each week and were somewhat involved in the said home activities over the first 6 months after their stay in the PICU (Table III) . How often and how much children participated in home-based activities was largely stable across the 6-month study period.
Child, service, and environmental predictors of change in home participation (aim 2)
There was a positive, significant effect of child age (b=0.07, p<0.01) and functional status (b=0.61, p<0.01) on home participation frequency, such that children with good overall function demonstrated a frequency score of 0.61 points higher in home activities compared with children with abnormal function. With a 1-year increase in age, the home participation frequency score increased by 0.04 points. There was no significant effect of age on home involvement. Children with good overall function scoring higher than the 10th centile (PEDI-CAT) demonstrated significantly increased participation frequency and involvement at home at baseline, 3 months, and 6 months after discharge from the PICU (b=1.47, p<0.05 for frequency; b=0.34, p<0.05 for involvement).
To evaluate the effect size of the frequency model, we calculated the proportion reduction in error for each level. At level 1, the model reduced prediction error of home participation frequency by a large amount between measurement occasions (R 2 1 =0.34). At level 2, the model reduced prediction error of home participation frequency by a large amount between individual participants (R 2 2 =0.39).
In the home involvement model, there was a significant interaction between POPC category and time, whereby home involvement trajectories over time were significantly different between children with good overall function and those with abnormal function (Fig. 1) . The estimated difference in the involvement slope across time between the abnormal function and the good overall function groups was b=À0.18, p<0.05, indicating that the groups were changing in the opposite direction, and that the change in involvement was greater for children in the abnormal function group.
In contrast to children's functional status and their functional capabilities, there were significant effects of environmental factors on only one dimension of home participation. Specifically, caregiver perceptions of home environmental support significantly predicted higher levels of children's home involvement only (b=0.01, p<0.01), such that a one-unit increase in the perceived home environment support was associated with 0.01-point increase in the children's home involvement score. In the home participation involvement model, at level 1, the model reduced prediction error of home participation involvement by a large amount between measurement occasions (R 
DISCUSSION
One pathway through which critical illness might affect a child's overall quality of life is its impact on their participation in everyday activities. For this reason, children's participation in activities warrants clinical attention as a key indicator of their functioning and rehabilitation need. 7, 15 Longitudinal studies are needed to identify functional and contextual factors beyond the child's health condition that impact their participation in activities, so rehabilitation services can be tailored to support children's life quality. A few studies using large samples have employed ICF-CY components to understand changes in children's participation and quality of life after acquired brain injury 28 and when living with developmental disabilities 29, 30 or chronic health conditions. 31 To our knowledge, this is the first study to apply the full ICF-CY framework to examine the trajectories of participation in home-based activities for the first 6 months after discharge from the PICU. Study results partly support study hypotheses, mainly that there was no significant change in participation but supporting evidence for the impact of children's functional capabilities and environment on participation outcomes.
Home participation change after discharge from the PICU This study found no significant changes in participation frequency or involvement in home-based activities during the first 6 months after discharge from the PICU. This finding may be because of the timing of data collection, either with respect to the relatively short length of study or to the timing of follow-up observations. Previous studies detecting participation change in children followed their participants for 1 to 9 years. 13, [28] [29] [30] Our PEM response rates were high at 3 and 6 months follow-up, indicating the feasibility of gathering these data over a longer duration to detect significant change. Alternatively, we may have missed PICU-related decline in home participation if it occurred before 3 months after discharge. As the first participation measure gathered information on the child's status before PICU admission and the second assessment was 3 months after PICU, it is possible that children experienced decreased participation after discharge from the PICU and returned to baseline participation within 3 months.
Additional considerations are that children's participation at home may be affected less by critical illness compared with school and community settings, or that study findings are based on caregivers' perspectives which may differ from the perspectives of their children. Work is underway to investigate school participation trajectories among the children sampled, given the importance of school productivity and known participation difficulties with respect to school preparation. 28 Caregivers' perspectives were primary respondents on the basis of the broad age range of children sampled in this study. However, new self-report versions of participation measures merit further study on young people's perspectives of their home participation after discharge. 32, 33 Determinants of change in home participation after critical illness This study included all ICF-CY components when modeling children's home participation over time. 7, 15 The child's baseline functional status had a significant effect on both their frequency and involvement in home-based activities over the first 6 months after PICU stay. In addition, there was a significant interaction between time and functional status on home participation involvement. This finding suggests that children's trajectories of involvement in home-based activities differed over time on the basis of their pre-PICU functional status. Children with abnormal function demonstrated a larger increase in levels of involvement over 6 months than those with good overall function. These differences could be due to children with abnormal function having more growth potential over time compared with their healthy peers. We examined the effect of the child's pre-PICU functional status on their home participation across the first 6 months after discharge from the PICU to examine the effect of pre-existing conditions on functional recovery. Future phases of study should include functional status after discharge from the PICU to examine participation changes for children with newly acquired functional limitations. This study revealed additional modifiable factors impacting home participation change that warrant attention. Specifically, significant effects of functional capabilities and environmental support on children's involvement in meaningful daily life activities suggest the importance of targeting these areas during rehabilitation with this population. 28, 31 Study results are congruent with recent cross-sectional studies that emphasize the relative impact of functional abilities and capabilities, as well as environmental qualities, on the child's involvement in home-based activities. 16, 17 Clinically, these findings suggest multiple potential candidate targets for rehabilitation interventions with this population, namely environmental supports, or compensatory strategies, and functional abilities. Pinto et al. 2 found only 58% of children had returned to good functional status within 3 years after discharge from the PICU. However, recent studies suggest interventions focused on children's functional abilities may not yield significant results. Adair et al. recently concluded that interventions primarily addressing body function or activity level outcomes do not improve participation for children with disabilities. 34 Hence, compensatory rehabilitation strategies to increase home involvement may be particularly well suited for children during the initial months of recovery from critical illness. Future studies should examine specific aspects of environmental impact on home involvement with a more robust and granular approach to further inform the design of environmentally focused interventions with this population.
Limitations
Our study had several limitations. First, baseline participation data were based on parent recall of the 4 months before admission to the PICU. Second, maternal education and family income were not included, and there is evidence about the impact of income on children's participation. 17 Third, we did not include information on utilization of services after discharge from the PICU. It will be important to understand functional trajectories relative to trends in service utilization, such as physical and occupational therapy, and compliance rates for follow-up rehabilitation care. Lastly, as with most longitudinal studies, this study did encounter attrition over time. However, retention was high across the 6-month study period (80% of total sample), and our statistical approach was selected on the basis of its ability to account for and handle any missing variables.
CONCLUSION
Recovery after a prolonged stay in the PICU is a lengthy process. We found no significant changes in home participation across the first 6 months after discharge from the PICU. However, children with abnormal function had lower levels of participation and showed greater increase in home involvement over time. The main effects of environmental and functional capabilities were both significantly associated with home involvement. As children may take 3 or more years to regain independence in performing discrete daily tasks, 2 it may be beneficial to consider environmentally focused rehabilitation interventions for helping children resume their engagement in home routines during the early phase of recovery. Further research is needed to ascertain the benefit of environmentally focused interventions for this vulnerable population.
